such as Du
, Nordhagen (1928 Nordhagen ( , 1936 Nordhagen ( , 1943 , and others have used topographic location, physiognomy, and major constituent species for delimiting the chief geographic communities, and they also have used data from sociological analyses for precise classifications to include orders, alliances, associations, and sociations. They also have included descriptions of habitats and successional relations. Sociological analyses and the classification based on them make it possible to determine the degree of similarity between communities studied in the same way in various parts of Scandinavia, the Alps, and elsewhere. Nordhagen (1943) stated that many things indicate that parallel alliances and orders can be established for Europe and North America. It is hoped that the present article will contribute towards the establishment of a classification applicable to the entire Arctic zone, but it should be emphasized that a vast amount of detailed work, especially in North America, is needed before this can be done.
No suitable classification for the surveys was found, so one was devised comprising 6 major groups and 22 minor groups, or types, based on physiognomy and important constituent species. These 22 types can usually be recognized from the air, preferably when flying at low altitudes as 200 to 500 feet above the ground and at about 90 to 100 miles per hour. For many ground studies a more detailed classification may often be desirable. Sociological analyses have been made of a few of these communities by Hanson (1951) and by E. D. Churchill and the author for the present paper. A classification based upon such analyses must await much additional field work. The classification and characterizations of types are based upon field work ill during the summers of 1949-1951, in the northwestern part of Alaska, from the lower Noatak and Kobuk Rivers to the region southeast of Norton Sound (Fig.  1) . Additional field work in this area, and in other parts of northern and western Alaska, will reveal other types. Similarities of these types to those described by other investigators, particularly in Scandinavia, are discussed.
The writer agrees with Nordhagen (1943) that vegetation is not a chaotic mixture of plants. Reasons for this are that areas, varying in size, commonly occur which are relatively uniform with respect to chemical and physical characteristics, soil moisture, insolation, depth to perennial frost, depth and duration of snow cover, exposure to wind. etc. The species which can grow under the conditions prevailing on each area become established, often gradually, and the species best adapted to the combination of conditions will survive the competition which usually follows establishment. The range in ecological amplitude of arctic species varies considerably, as shown by L0ddes0l and Lid (1950) and others. Usually the stand consists of several to many species. Due to the considerable uniformity in the kinds of species and the number of individual plants of each species per unit area (for example, a square meter) throughout the stand, the composition is similar in its absolutely identical. The equilibrium has a more or less permanent character, enduring at least for years; but under man's influence or catastrophes the balance is often upset and then the process of developing a new balance starts. Or a sociation can "dig its own grave" by drying out the soil, etc. Successional series may not be the same for each stand of a sociation. Variation in stands of a sociation is due to difference in the age of stands, a different course of succession, differences in climate or substratum, influence of adjoining stands (vicinismen). The sociation is therefore an abstraction, the stand is concrete. The requirements of agreement of layers and of homogeneity in the stands of a sociation cannot be set on too rigorous a basis, but must fit natural conditions. Each sociation has its own range of amplitude (1943, pp. 41-44). Palmer and Rouse (1945) noted little change in many permanent quadrats over periods of 4 to 11 years in northwest Alaska; in others changes occurred due to trampling, grazing, for unknown reasons, etc. Denuded quadrats were usually revegetated by the same kinds of species which had occurred previously. The writer has noted reinvasion by neighboring species on bare spots produced by frost action in dwarf shrub types, and others, apparently soon repairing the damage; but measurements and photographs of permanent sample areas over many years are needed for precise data on the rate of reinvasion and other changes. Except for the limited work by Palmer and associates, such data are lacking for Alaska arctic vegetation.
In 1949 cover and frequency were determined by the point-contact method (Hanson, 1951) . In 1951, the method was changed so that the data could be compared directly to those of the Scandinavians and other Europeans. The sociological analyses were made by estimating herbage cover of each species in 10 onemeter-square quadrats located at regular intervals on a line through the stand. The Hult-Sernander scale (Braun-Blanquet 1932, Nordhagen 1943) of cover was modified so that in the records 1 denotes herbage cover of less than %6 of the area of the square meter, 2-1,46 to 1/8, 3-1/8 to 1/4, 4-1/4 to 1/2, 5-1/2 to 3/4, and 6-3/4 to %. The data in the tables can be compared directly to those of the Scandinavian workers by changing "6" to "5." Fig. 2) . The white spruce-shrubs type occurs as far west as the valleys of the Noatak and Kobuk Rivers, into the southeastern part of the Seward Peninsula as far as the vicinity of Council, and to within less than a mile of the eastern shore of Norton Sound. West and north of Council, the white spruce appears to be migrating westward.
The forest affords protection to reindeer and caribou from winds during the winter, but herding of reindeer is difficult, and wolves have greater opportunity to seize their prey. The snow may not crust over so badly as in the open. If not shaded too much, reindeer lichens grow well in the forest because they remain moist for a longer time between rains.
Fruticose lichens growing on trees afford emergency feed when the snow is excessively deep or a snow crust prevents the reindeer from pawing through to ground lichens (Hanson 19-52).
This type is easily recognized from the air by the dark bluish green color and the spire-like growth of the spruces, the dark green masses of shrubs forming a lower layer. The lichens in the openings are conspicuous by their light gray to cream color. . 3 ) This type was found chiefly along the Unalakleet and other rivers east of Norton Sound, and in places in the valleys of the Kobuk and Noatak Rivers. In the forest northwest of Moses Point Airfield a few birch trees are scattered among the spruces. Shrubs, as in the preceding type, form a lower layer. When the stands are not too dense lichens occur as in the preceding type. The birch trees can be distinguished fromt the spruce by the dark green color and the large, smooth-appearing globular crowns.
FIG *

White spruce-Alaska white birchshrubs (Fig
Alaska white birch-shrubs (Fig. 3)
This type, also of limited distribution, was seen on south-facing slopes bodering the Unalakleet River and other streams east of Norton Sound. Associated shrubs are alders, willows, birches, and dwarf heaths. White spruce and balsam poplar (Populus tacamahaca Mill.) are scattered in places. The large, rounded crowns of the birch trees (Beft/la resinifera Britt.) are very distinctive from the air. Stands of this type are often too dense to permit good growth of lichens, but in openings the lichens may cover much of the ground and grow to a height of 5 to 6 inches. Stands of this type may alternate with those of the white spruce-Alaska white birch-shrubs type, the latter often on the steeper slopes ( Fig. 3) .
Palmer (1945) recognized a forest type as comprising "essentially tundra range occupied by spruce and birch" with undercover of chiefly mosses and lichens. Hopkins and Sigafoos (1951) reported the occurrence of isolated stands of Popuilus tacamahaca on the dissected upland on the north and southwest margins of the Imuruk Lake region in the central part of Seward Peninsula. Du Rietz (1925a) classified the forest types of Scandinavia into two main regions, coniferous and deciduous. The former was divided into a northern and southern part, each of which included coniferous forests, deciduous forests, marshes, bogs, and other communities. He stated that the most important tree in the subalpine maritime birch forest region is Betula tortuosa Led., with associated tree species, Alnus incana (L.) Moench., Populus trernula L., Sorbus aucuparia L., Prunus padus L., and Salix spp. Some of these, 
II. SHRUB TYPES
Willow types (Figs. 3, 4, 5)
The willow shrub types are divided into two groups: A. The feltleaf willow type (Salix aclaxensis (And.) Cov. which is grayish green, and B, the greenleaf willow type which is green. The former is widespread, usually occurring on welldrained banks of streams with coarse gravel at a depth of about a foot (Fig. 3) , often forming only a narrow zone (Fig.  4) . In height this community may vary from less than 5 to over 15 feet. In some places the ground is hummocky. Some of the associated species are balsam pop-ning water. In poorly drained sites, sedges are more abundant; in drier sites, birch shrubs are associated with the willows.
Due to the presence of hummocks,2 depressions, and channels, the vegetation 2 Hummock, mound, and tussock are used in this paper similarly to their ordinary meanings.
Hummock and mound are small rounded knolls or raised areas of land, usually covered with many plants, and from a few inches to several feet high. The author uses hummock for somewhat elongated areas, mound for more circular ones. A tussock is a tuft or bunch of grass, or grass-like plant such as Eriophorum, which is often separated more or less from other plants in the stand, consisting usually of a single plant. and soil profile vary considerably from place to place. The depth to the frozen ground in the first part of July, on a gentle east-facing slope about 10 miles northeast of Nome, varied from only 9 inches under dense willows to more than 38 inches under a hummock in openings between the willows. Prominent species on hummocks were the grasses Calanmagrostis canadensis and Festhca altaica. Other associated species were v ariotus sedges and forbs such as Rumex arcticus Trautv., Sedunt roseumn L., Galium boreale L., Anemjione ncarcissiflora L., Artemnisia arcticac Less., Dryas octopetala L., Mertensiac paniculata, Viola langsdorfi Fisch., and dwarf shrubs including Enipetrum nigrum L., Vaccinium uliginosuni L., Salix reticulate L., and Androineda polifolia L. The last two, and Potentilla fruticosa, Woodsia glabella R. Br., Sedum roseum, Salix reticulata, Carex aquatilis Wahl., Corydalis paiiciflora (Steph.) Pers,. Polemonium acittiflorimn \Villd., mosses, and others occurred in depressions.
The soil profile under dense willows, 8 feet high, on a 50 slope, in this stand which covered several square rods, examined on July 1, 1950, had a layer of loose leaves about an inch thick above a 0.5-inch layer of decayed plant debris. Below this for 9 inches, the silt loam was brown to dusky red, containing much organic matter, except for the 6-7.5-inch layer which contained much fine schist. The roots were numerous to 7.5 inches, then infrequent to the frozen ground at 9 inches.
A hummock only a foot away, covered mostly with grass, had a 2-inch litter layer, below which brown to dark reddish brown silt loam extended to 7.5 inches, containing considerable grayish brown silt loam at 5-7.5 inches. Between 7.5 and 17 inches stones and gravel were interspersed in the gray brown to reddish brown silt loam. From 17 to 38 inches (no frozen ground) the material varied from pale gray silt to grayish brown sandy silt with stones and gravel, the lat-ter increasing with depth, so drainage was excellent. Roots were numerous to 17 inches. The soil reaction, determined calorimetrically by the LaMotte-Morgan Method, was similar in the two profiles, mostly pH 6.2 and 6.4, but the surface 2.5-inch layer in the hummock was pH 5.2.
Palmer (1945: 6) recognized only a "shrub-grass-weed type" occurring "on well-drained ground, usually along a stream, in a ravine or on a steep slope," and included alder with the green willows. Hopkins and Sigafoos (1951: 65) described willow communities in the Imuruk Lake area as follows: "Willow (Salix pulchra) thickets 4 to 10 feet high occur in the lower reaches of the swales draining higher slopes, on steep lake banks, and on flood plains of the larger streams. Depth to perennial frozen ground is more than 6 feet, and frozen ground may be absent locally under flood plains. Definite channels of running water are present under the willows in the swales; these channels are among the few sites where erosion by running water is occurring in the Imuruk Lake area." Trapnell (1933) recognized in his provisional classification of vegetation types in the Godthaab Fjord district in Greenland a Salix glauca L. community, 1 to 2 m. high, with associated Alnus incana, forming a continuous cover, hiding the field layer of grasses, ferns, Potentilla maculata Pourr. et al., and a ground layer of typical Brachythecium spp. Nordhagen (1943) described 3 associations of willow types, consisting of Salix lapponurn L., with which S. glauca, S. lanata L., S. phylicifolia L., and others, may be associated, often over 6 feet high, in the order Aconitetalia and in Order I are willow thickets with a sedge-marsh layer of many species. The 3 associations were distinguished chiefly by differences in the herbaceous species in them. Du Rietz (1925a) stated that these willow thickets, 1 to 2 meters high, are almost impenetrable, covering considerable ground along brooks, or where there is some running In the openings and on the edges of dense stands occur dwarf shrubs and herbs, and lichens up to 4 to 5 inches may be dense unless the area has been heavily grazed or burned. The ground within dense stands may be covered with a thick layer of moss with lichens sparse or lacking. From the air these types have a characteristic brownish green color; the gray to cream-colored lichens mats are conspicuous in the openings. This type is a good indicator of conditions suitable for excellent growth of lichens. A sociological analysis of a stand, occupying an acre of more, similar to that on the right in Fig. 5 , on an east-facing slope of about 50, located about 10 miles northeast of Nome, is shown in Table I . The elevation was about 120 feet above sea-level. The stems of the birch shrubs were usually decumbent for 2 or 3 feet and then gradually ascended to an average height of about 3.5 feet. The lower parts of the stems become covered with an inch or so of moss and litter in which new roots develop. A single shrub may occupy an area as much as 10 feet in di- Web., C. sylvatica (L.) Hoffm., C. cornuta cylindrica (Ach.) Asa., Cetraria cucullata (Bell.) Ach., and C. islandica (L.) Ach. The soil profile, examined on July 10, 1951, had a surface layer, 2 inches thick, of moist, partly decayed, dark reddish brown plant fragments, with numerous living roots and rhizomes. The 2-9 inch layer was dark brown, wet, silt loam, rich in organic matter, with numerous roots to the working depth at 9 inches. The 9-16 inch horizon was compact, wet, gray to olive-gray silt, highly impervious to water, with included layers and pockets of gray-brown silt loam containing organic matter and pockets of yellow brown silt loam. The heterogeneity in this horizon appeared to be due to solifluction and frost action. Live roots were few and dead roots numerous below 9 inches. The 16-17 inch layer was brown silt with scattered stones. The ground was frozen at 17 inches.
Examination of several profiles in different stands in this vicinity showed the following general characteristics: 1 ) a moss layer on the surface, 2) a reddish brown organic layer containing little to no silt between the moss and 2 to 4 inches in depth, 3) in some stands, a silty loam layer rich in organic matter from about 2 or 4 inches to 7 or 9 inches, 4) below 9 to 13 inches a mixed up or irregular horizon of impervious gray to brown silt mottled with yellow brown. Schistose rocks become more numerous and com-pact with depth. The gray silt is like a stiff jelly when wet. Frozen ground was found in one profile at 17 inches, but in others none was found even as deep as the fairly compact schist at 22 and 29 inches. These birch shrub profiles resemble the one in the Betula glandulosa stand in Mt. McKinley National Park described by Hanson (1951: 361) . Palmer (1945) apparently included this community in his "lichen-shrub" type. Hopkins and Sigafoos (1951) wrote that thickets of Betula nana exilis in the Imuruk Lake area "occur on the betterdrained, higher parts of steep banks and well-drained slopes. Depth to perennially frozen ground-is not known-but is probably more than 6 feet-." The birch shrub communities in Alaska are similar to those found in places in the low alpine zone in Norway where the dominant is Betula nana L., reaching a height of more than 2.5 feet. They are also similar to types where the dominant is a Betula hybrid according to Lagerborg and Holmboe (1938) . Betula nana is usually less than 2.5 feet high in Norway, so communities dominated by it are probably more similar to the Alaskan dwarf birchheath-lichen type discussed below. The birch shrub types in Alaska also resemble the "shrub tundra," or "jernik," of northern and eastern Siberia, which are dense communities of Betula fruticosa and B. exilis, 1 to 1.5 meters high, occurring on marshy lowlands with sedges, and also in dry open glades on slopes, according to Imanishi (1950) .
Birch-willow type
This type is made up chiefly of Betula glandulosa, tall forms of B. nana exilis, or Betula hybrids. It resembles the preceding type, but contains a larger proportion of willows (Salix pulchra, S. richardsonii, S. fuscescens), and alders, Spiraea, or white spruce may also be scattered throughout. From the air it may appear spotted, due to the pale green willows, the dark blue alders, and the brownish green birches. The shrubs are 6 to 10 feet high, 
III. DWARF SHRUB TYPES
Only 5 of the more distinctive dwarf shrub types are described in this paper. They are usually less than 2.5 feet high, widely distributed, cover considerable areas, and can usually be readily recognized from the air. These 5 types are not coordinate in rank, and except for number 11, correspond roughly to major divisions, such as alliances, in the phytosociology of Nordhagen ( (Figs. 2, 3, 4 
Dwarf birch-heath-lichens type
, 6) This type is usually characterized by the abundance of Betula nana exiles and by lesser abundance of several kinds of dwarf heath and similar shrubs such as Vaccinium uliginosum, Ledum decumbens, Empetrum nigrum, Vacciniurn vitis-idaea,
Loiseleuria procumbens (L.) Desv., and Arctostaphylos alpina (L.) Spreng., by scattered low willows, especially Salix pulchra, and S. richardsonii, by scattered herbs, and by an abundance of lichens of many species and several kinds of mosses. One or more of the heath shrub species may be more abundant in some stands than the dwarf birch, but the latter is always prominent in this type. The shrubs are usually less than a foot high. The spaces between and under the shrubs are occupied by lichens, 2 to 4 inches high.
The birch-heath-lichens type occurs throughout the region on gravelly and rocky slopes and terraces at lower elevations where the soil is well-drained and dries out rather rapidly after rains. These sites become free of snow early in the sea-son and are probably bare during part of the winter also. Stands of this type are conspicuous from the air because of the short and scattered shrubs with the carpet of yellowish gray to gray lichens beneath. Microstands of this type are found on hummocks and mounds in other communities, as, for example, in the cottongrasssedge-dwarf heath shrub complex, sedge marshes, etc. Where the lichens have not been depleted, it is valuable for winter and spring range for reindeer. Analysis is given in Table II of a fairly typical stand of this type, and in Table III of a similar stand on shallower soil, each comprising several square rods. The latter stand might more appropriately be called a Loiseleuria procumbens-Cladonia community, or according to the Scandinavian system, a sociation in the dwarf birchheath-lichens alliance. In the first there were 37 vascular species, in the latter only 14. The latter was much less dense, bare ground occupying '/46 of 6 of the quadrats, and the vascular plants were about half as tall as in the first, averaging about 6 inches. The average number of species Differences in the kinds of species and in their cover and frequency in these two stands can be explained largely by differences in the soil profiles. in general there was less silt and more rock close to the surface in the soil underlying the thin stand. The reaction in both was acid, with pH 4.6 to 5.0. Beneath the 2-inch layer of moss, lichens, and plant parts in the denser stand (Table II) was a 4-inch horizon of dark reddish brown silt, rich in organic matter, containing very many roots in the upper half. Between 4 and 7 inches, the brown silt was interspersed with many small, thin schistose stones, and the roots were frequent to the working depth at 7 inches. At 7-11 inches the grayish brown sandy silt, containing much gravel, was like a stiff jelly, tending to flow off the wall into the hole. Roots were infrequent, At 11-20 inches was pale brown, sandy silt, with gravel and small thin stones which increased in number and size with depth, so that at 20 inches there was more rock than silt. The roots were scarce.
A 2-inch layer of lichens and mosses covered the ground under the sparse stand (Table III) . Below this was a horizon, varying in thickness up to 2 inches, which consisted of loose, dark brown, decayed plant debris with a few schist flakes and very numerous roots. Below this to about 5.25 inches was dark reddish brown silt loam with much organic matter, much more compact than the layer above, containing scattered gravel and schist pieces; the roots were infrequent. Between 5.25 and 14 inches was mostly loose, crumbling pieces of schist, with few roots. Palmer and Rouse (1945) stated that the stand of this type in the Dexter Creek area, 8 miles north of Nome, showed little change between 1922 and 1932. Quadrats which had been denuded became revegetated by the same species originally on the quadrats. They estimated that it would probably take -about 25 years for the vegetation to return to the original condition of density, cover, and volume. When this area was examined by the writer in 1950 and 1951, the vegetation, except for reduced height growth of lichens due to grazing and trampling by reindeer, was similar to that described by Palmer and Rouse as occurring on the site in 1922. This type seems to have considerable permanence.
Dwarf birch-heath communities were included by Palmer (1945) in the "dry tundra type" and by Porsild (1951) Table II shows most resemblance to his association number 4, dwarf birch-Empetrum heath. The stand analyzed in Table  III resembles more his association number 1, Loiseleuria heaths. Both of Nordhagen's associations are important as reindeer range, often snow-free in winter, especially the latter community.
Another small stand of 1 or 2 square rods, resembling even more closely Nordhagen's association number 1) was examined on stony, gravelly sites on the ridge at Golovin. The sparse vegetation consisted of Loiseleuria procumbens, Arctostaphylos alpina, short lichens and mosses, and invading plants of Ledum decumbens, Empetrum nigrum, and Betula nana exilis. It appears that L. procumbens, A. alpina, and Salix phlebophylla And. become more abundant, and B. nana exilis and Vaccinium spp. less abundant in more rocky and gravelly soil and at higher elevations, such as at 500 feet on King Mountain north of Nome and at Salmon Lake. On a gravelly outwash, several acres in area, on the north side of Salmon Lake, the following species were abundant: Loiseleuria procumbens, Salix phlebophylla, Vaccinium vitis-idaea, and Arctostaphylos alpina; frequent: Rhododendron kamtschaticum Pall.; infrequent to scarce. Betula nana exilis, Ledum decumbens, Vaccinium uliginosum, Salix chamissonis And., Carex sp., and Campanula uniflora L. Mosses, especially Polytrichum sp., and short lichens of many kinds were abundant.
Nordhagen stated that Betula nana does not tolerate long-lasting snow-cover, shade, or unstable slide sites. It dominates on infertile gravel and sand deposits with acid humus or with extremely acid peat. It can raise itself better than any other dwarf shrub above compact lichen masses, so that only the tops of the shoots project above them.
10. Blueberry-heath-lichens type (Fig. 4) This type resembles the preceding one, but blueberry (Vaccinium uliginosum) is the chief dominant, often forming very dense stands. Betula nana exilis is much less abundant, and when present is often very short and scattered. Empetrum nigrum and Ledum decumbens are more numerous usually than in type 9. uted. Lichens are more spotted in occurrence than in type 9, the shrubs often being too dense for their growth. In shorter, more open stands, however, lichens may cover 75 per cent of the ground. This type occurs on gentle to steep slopes where gravel and rocks are close to the surface, but the sites are moister than in type 9. While it is found at the same elevations as the dwarf birch-heath-lichens type, it also covers large areas at higher elevations, as 400 to 500 feet or more north of Nome, elevations where the dwarf birch type is lacking. The snow probably remains later than in the dwarf birch type, but not so late as in type 11 where there is more Cassiope tetragona (L.) D. Don.
The blueberry-heath-lichens type is widespread in hilly parts of the Seward Peninsula, and is conspicuous from the air because of its dark bluish green color, with the gray of the lichens interspersed in spots, and because of the smooth texture. When not damaged by overgrazing or fire it is valuable for winter grazing by reindeer. Stands intermediate between types 9 and 10 were found, but their status cannot be definitely determined until sociological analyses are available. Palmer (1945) included stands of Vaccinum spp. and associated species in his "dry tundra type." Oosting (1948) recognized a heath type dominated by Vaccinium uliginosum microphyllum (Lge.) Nath. in northeast Greenland, especially inland on sandy slopes with associates Empetrum nigrum and Arctostaphylos alpina. Trapnell (1933) also refers to communities dominated by V. u. microphyllum in Greenland. Seidenfaden and Strensen's (1937) ecosystem on "moderately moist sheltered precipices and rock ledges," especially at heads of fjords, in northeast Greenland, was dominated chiefly by V. uliginosum. Salix arctica was another dominant, and associated species were Dryas octopetala on upper dry areas, and Cassiope tetragona on lower moist areas. Also present were Rhododendron lapponicum (L.) Wahl., Empetrum nigrum, and several herbs, He wrote that this type is supplied with water until late in the summer, and that V. uliginosum "within our areas can be said with no little right to replace Betula nana of the somewhat more southerly areas" (p. 121). Du Rietz (1925a) stated that V. uliginosum heath plays an important role on windexposed slopes, without solifluction terraces, in the lower alpine zone in Scandinavia. Du Rietz (1924) showed similarities in V. uliginosum communities in Scandinavia and in the Alps. Some of the species present in both locations, as well as in Alaska, were Empetruin nigrum, Loiseleuria procumbens, Vacciniun vitis-idaea, and others. The Alaskan type is similar to Nordhagen's (1943) low alpine Vaccinium uliginosum heath (association number 2), and the low alpine V. myrtillus heath (number 8), the latter occurring where the snow lies late.
Four-angled heather-blueberry type
This type shows relationships to the preceding type, but occurs where the snow lies later. It is found on hilly sites throughout the region. The dominant dwarf shrubs are Cassiope tetragona and Vaccinium uliginosum, but Empetrum nigrum also rates high in frequency and cover. An analysis of a stand about 8 miles north of Nome is given in Table IV . Additional dwarf shrubs in this stand were Dryas octopetala, Salix reticulata, S. chamissonis, Betula nana exilis, and Ledum decumbens. The herbs with the highest cover and frequency were Carex sp., Festuca altaica, Polygonum bistorta plumosum (Small) Hult., Equisetum scirpoides Michx., Pedicularis verticillata L., and Hedysarum alpinum americanum Michx. Mosses formed a layer over the ground. Lichens, 1 to 3 inches high, were widely distributed but sparse, usually not sufficient for winter range. The ground was completely covered with vegetation, usually with two layers. The total number of species in the ten m2 quadrats was 32, the average number per quadrat 15.5, both figures larger than in most stands. In some stands, where snow apparently melts later, Cassiope tetragona is the sole dominant. From the air this type appears dark bluish green, even darker than type 10, and smooth in texture. Occurring more in depressions it often alternates with stands of the dwarf birch-heath-lichens type on exposed ridges, and with taller shrubs, especially willows in deeper draws. In some draws, where the snow does not melt until in July, meadow-like stands occur in which the following are abundant: Rhododendron kamtschaticum, Anemone narcissiflora, Salix reticulata, S. chamissonis, Equisetum arvense L., Carex spp., Festuca altaica, Artemisia arctica, Viola langsdorfii, V. biflora L., and Sedum roseum. Palmer (1945) probably included this type in his "dry tundra." Oosting (1948) noted that in northeast Greenland, important heath species were Cassiope tetragona and Vaccinium uliginosum microphyllum, that either may be dominant, that Cassiope is less important inland, and Rhododendron lapponicum usually occurs as patches in the dwarf shrub heath. Seidenfaden and Sorensen (1937) (over 1,050 m.) . It may form unbroken stands over very large areas. It requires long-lasting snow-cover, in contrast to Empetrum nigrunm heath, which occupies windexposed sites. The latter community, according to Du Rietz, is the most important dwarf shrub heath in the Scandinavian mountain chain. In the lower part of the lower alpine zone, Cassiope heath occurs in soil moderately rich in lime, but in the upper part it is indifferent to the lime content. Nordhagen (1936: 43) stated that this very characteristic community occurs on lime-rich soil in Finnmark province (where it is transitional to Dryas heath), but farther southwest in Troms and in neighboring parts of Finnish and Swedish Lapland, excellent stands are found on lime-poor sites. Some of the more important associated species in Nordhagen's analysis of this Rietz (1925a: 37) , Cassiope tetragona heath is restricted to the northeastern part of the Scandinavian mountain chain.
Alpine bearberry-mountain
cranberry type A stand, about 4 inches high and a few square rods in area, of this wind-resistant community was found on gravelly material between boulders at 400 to 500 feet elevation on Cape Nome headland, east of Nome. It probably occurs in similar sites in many places in the region. An analysis is given in Dryas type (Fig. 7) This type is common throughout the region on upper slopes and summits of hills and mountains. The most common and abundant species is usually Dryas octopetala, with a large number of associated herbs, dwarf shrubs, mosses, and lichens. On a hill, about 650 feet high, about 5 miles northeast of Nome, a total of 48 species of herbs and dwarf shrubs, and 14 species of lichens were listed by Hanson (1951: 370) . A stand on a hilltop north of Egavik on the shore of Norton Sound, contained few species, similar to the stand analyzed in Table VI cies, especially Loiseleuria procumbens, giving a greener color. Darker green areas and stripes occur in moister depression because of the greater density and more luxuriant growth of sedges, low willows, grasses, and Cassiope tetragona, the last often dusky green in color. The soil under rocks remains moist during the summer, but the wind blows much of the time, causing many of these areas to be bare in winter. Many kinds of lichens are scattered, but the cover and density are low and the height is usually less than 0.5-1.0 inch. In small depressions they are denser and up to 2 inches high. The variety of dwarf shrubs and herbaceous plants gives a wide choice of forage for summer grazing by reindeer seeking higher elevations to escape flies and mosquitoes. In many places, the lichens are too short and scattered for winter grazing, but when icing-over occurs at lower elevations, this type is most important because of its freedom from snow much of the time. The lichens, though short, are more nutritious than the taller kinds (Palmer 1945) . A similar community on raised gravelly beaches, exposed to wind, in the vicinity of Kotzebue, was described by Hanson (1951: 369) . The chief species were Dryas integrifolia, Saxifraga tricuspidata Retz., Empetrum nigrum, Arctostaphylos alpine, and Salix reticulata. Short lichens and mosses covered much of the ground between the shrubs. Palmer and Rouse (1945) also called this community the alpine Dryas type. Oosting (1948) discussed a Dryas-sedge (preclimax) community on gravel areas in which many pioneer species also were present, in northeast Greenland. According to Seidenfaden and Sorensen (1937) , Dryas octopetala is an important constituent of their dry-barren-ground and dry-loess-fields ecosystems in northeast Greenland. One of Trapnell's (1933) important communities in the Godthaab Fjord region was the Dryas mat barren, comprising cushions of D. integrifolia among lichens and xeric herbs. Nordhagen (1943) included a similar type in his Dryas-heath alliance, Kobresieto-Dryadion, in Order L, rock communities in mountainous regions. He stated that 0.5 acre in area, of this type east of Nome is given in Table VII . It occurred on moist peat, in strips parallel to the gentle south-facing slope, alternating with fresh water sedge-marsh. It was only a few hundred feet from the seacoast, exposed to strong south winds. The plants were only 3 to 6 inches high, the cloudberry and dwarf heath shrubs giving it a characteristic appearance. It was conspicuous from a distance because of the large leaves, turning orange to red in late summer, and the large fruits which turn pale yellow to pink. In order of high frequency and cover, Vaccinium vitis-idaea rated first, followed by Betula nana exilis, Em petrum nigrum, Rubus chamaetmorus, Ledum decumbens, and Vaccinium uliginosum. Both lichens and mosses rated high in cover and frequency. The average number of vascular species per quadrat was only 7.6, total number in 10 square-meter quadrats was 12.
Alpine
According to Nordhagen (1943) this order was first recognized in Finland. Oosting (1948) Figs. 2, 3, 4, 6, 8 ) This is called a "complex" in recognition of the occurrence of several communities and microcommunities in close association. These communities often occupy only a few square feet, or less, but in places they form a fairly uniform cover over many acres. The frequent occurrence of mounds and hummocks, with ponds, lakes, and marshes adds to the heterogeneity in many areas. Larger stands of aquatic and sedge marsh types can readily be segregated. However, areas where the summit of a mound may be in the dwarf shrub-heath-lichens type, the depression a small sedge marsh type, and in other spots a mixture of cottongrass tussocks, scattered sedges, and dwarf shrubs, it appears best to designate the vegetation on the area as a complex. This complex covers more area than any other type in the region. It can probably be considered the most characteristic kind of tundra in northwestern Alaska, in view of the tussock form of growth of the cottongrass (Eriophorum spissum Fern.), the chief tussock former. There is considerable variation, from almost continuous and uniform growth of well
Cottongrass-sedge-dwarf heath shrub complex (
